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Technical Field 

The present invention relates to a technology of 
switching measurement methods between a pulse Doppler 
method and a transit time method using an ultrasonic 
10 flowmeter capable of measuring a flow rate in both the 
pulse Doppler method and the transit time method. 

Background Art 

A pulse Doppler method and a transit time method 
15 are well known as ultrasonic flow rate measuring 
methods . 

The flow rate measurement in the pulse Doppler 
method applies the principle of a Doppler shift in which 
an ultrasonic pulse is emitted to a fluid to be measured, 

20 and the frequency of an ultrasonic echo wave reflected 
by a foreign substance such as bubbles existing in the 
fluid changes by the amount proportional to the velocity 
of flow. As compared with the transit time method, the 
pulse Doppler method is featured by high accuracy, quick 

25 response, excellent anti-bubble property, and the 
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possibility of high accuracy even in skewed flow by 
providing plural stages of measurement lines . However, 
it has the problem that a correct measurement cannot 
be performed in a fluid containing few bubbles and/or 
5 particles, and the range of the measurable velocity of 
flow is limited. As a flow rate measurement technology 
in the pulse Doppler method, for example, the technology 
of the patent document-1 is well known. 

On the other hand, in the transit time method, a 

10 pair of ultrasonic transducers are used to compare the 
ultrasonics transit time from upstream to downstream 
and the ultrasonics transit time from downstream to 
upstream, and calculate the velocity of flow and the 
flow rate. In this method, as compared with the pulse 

15 Doppler method, the flow rate of a liquid and pure water 
containing few bubbles and/or particles can be 
appropriately measured, and the range of the measurable 
velocity of flow is wide. 

A conventional ultrasonic flowmeter has performed 

20 a measurement by the pulse Doppler method or the transit 
time method. 

Thus, the above-mentioned methods have merits and 
demerits, but they serve as a complement to each other, 
and it is preferable if an ultrasonic flowmeter has 
25 hardware resources capable of measuring the flow rate 
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using these two methods, and appropriately switching 
between them. 

The present invention aims at providing an 
ultrasonic flowmeter, its method and program capable 
5 of applying both the pulse Doppler method and the transit 
time method capable of measuring a flow rate independent 
of the presence/absence of a reflection object such as 
bubbles, etc. of a fluid to be measured by automatically 
selecting either of them according to reception waves 
10 of both pulse Doppler method and transit time method. 

Patent Document 1: Japanese Published Patent 
Application No . 2000-97742 . 

Disclosure of Invention 

15 The method of selecting a measuring method 

according to the present invention uses an ultrasonic 
flowmeter capable of applying both a pulse Doppler 
method for a flow rate measurement and a transit time 
method for a flow rate measurement, selects one of the 

20 measuring methods, and includes: a determining step of 
determining the current measuring method; a determining 
step of determining the reliability of a reception wave; 
and a selecting step of selecting a measuring method 
different from the current measuring method when it is 

25 determined that the reliability of the reception wave 
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is insufficient. 

Otherwise, the method of selecting a measuring 
method according to the present invention uses an 
ultrasonic flowmeter capable of applying both a pulse 
5 Doppler method for a flow rate measurement and a transit 
time method for a flow rate measurement, selects one 
of the measuring methods, and includes: a determining 
step of determining the current measuring method; a 
determining step of determining the reliability of a 

10 reception wave; and a selecting step of selecting a 
measuring method different from the current measuring 
method when it is determined that the reliability of 
the reception wave is insufficient, and obtaining a 
value as an index of reliability of a reception wave 

15 relating to each of the pulse Doppler method and the 
transit time method, comparing values as the indexes 
of the measuring methods with each other, and selecting 
a measuring method having a larger value of the index 
when it is determined that the reliability of the 

20 reception wave is sufficient. 

The present invention is not limited to the 
above-mentioned method of selecting a measuring method, 
but it can be configured as an ultrasonic flowmeter 
capable of applying both methods, an ultrasonic 

25 flowmeter capable of simultaneously applying both 



5 



methods, or a program or a recording medium storing the 
program for directing these devices to execute the 
above-mentioned methods. 

According to the methods, the devices, etc. of the 
5 present invention, in a system capable of applying the 
transit time method and the pulse Doppler method, the 
selection of the methods is automatically determined, 
adopting the merits of these methods, thereby performing 
a measurement of a flow rate independent of the 

10 presence/absence of a reflection object in a fluid to 
be measured. Since the intensity of a received 
ultrasonic wave, the power spectrum of the frequency, 
the phase variation, the normal detection rate of the 
flow velocity, etc. in each measuring method are 

15 appropriately observed, and a method to be used is 
automatically determined based on a predetermined 
threshold, the flow rate measurement fitting with a 
measurement condition can be performed with high 
accuracy. 

20 

Brief Description of the Drawings 

Fig. 1 shows the outline of the configuration of 
the ultrasonic flowmeter capable of performing- a flow 
rate measurement capable of applying both pulse Doppler 
25 method and transit time method according to an 
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embodiment of the present invention; 

Fig. 2 shows the principle of the flow rate 
measurement according to the transit time method; 

Fig. 3 shows the principle of the flow rate 
5 measurement according to the pulse Doppler method; 

Fig. 4 is a flowchart of the switching operation 
according to the first embodiment of the present 
invention; 

Fig. 5 is a flowchart of the switching operation 
10 performed in the pulse Doppler method as shown in Fig. 
4 ; and 

Fig. 6 is a flowchart of the switching operation 
according to the second embodiment of the present 
invention 

15 

Best Mode for Carrying Out the Invention 

The present invention is described below in detail 
by referring to the embodiments and the attached 
drawings. When the same component appears in a 
20 plurality of figures, the same reference numeral is 
assigned in the figures. 

Fig. 1 shows the outline of the configuration of 
the ultrasonic flowmeter capable of performing a flow 
rate measurement capable of applying both pulse Doppler 
25 method and transit time method according to an 
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embodiment of the present invention. 

In Fig. 1, the ultrasonic flowmeter capable of 
applying the two methods is mounted on the outer wall 
of the piping for providing a flow path for the fluid 
5 to be measured, and is configured by a transducer 1 
(ultrasonic transducer) for flow rate measurement in 
the pulse Doppler method for transmission and reception 
of ultrasonics, a pair of transducers 2 and 3 (ultrasonic 
transducers) attached opposite to each other on the 

10 outer wall of the piping, a circuit 4 for detecting a 
Doppler frequency and performing A/D conversion for a 
flow rate measurement in the pulse Doppler method, a 
circuit 5 for performing amplification and A/D 
conversion for a flow rate measurement in the transit 

15 time method, a switch circuit 6 for switching between 
the pulse Doppler method and the transit time method, 
and a control unit 7 for controlling the entire 
ultrasonic flowmeter. The detection of a Doppler 
frequency by the circuit 4 is performed practically by 

20 mixing the frequency of emitted ultrasonic pulses with 
the frequency of received echo and filtering a 
transmission frequency component, thereby extracting 
and outputting a signal indicating a Doppler shift 
component. Further in detail, it is the method of 

25 deriving an analysis signal by orthogonal detection. 



That is, the echo wave is multiplied by the sine and 
cosine components of a transmission frequency, the echo 
wave is separated into the components of a transmission 
frequency and a Doppler shift, and then only a signal 
5 indicating a Doppler shift component is extracted by 
a low pass filter and output. 

Although not shown in the attached drawings, there 
is also a transmission circuit for outputting an 
ultrasonic pulse from each transducer by outputting a 

10 transmission pulse signal to each of the transducers. 
The transmission circuit is configured by, for example, 
a generator and an emitter. A generator generates an 
electric signal of a basic frequency fO, and an emitter 
outputs the electric signal in pulse form from the 

15 generator at each predetermined time interval (1/fprf ) . 
Thus, each transducer outputs the ultrasonic pulse of 
the basic frequency fO at each predetermined time 
interval (1/fprf) . Then, transmitting an ultrasonic 
pulse, and receiving and processing a reflected pulse 

20 by a reflection object or a pipe wall are defined as 
one measuring operation. The measuring operation is 
repeated a predetermined number of times (Nprf, for 
example, several hundred through several thousands 
times) . Based on the obtained results, the control unit 

25 7 obtains a Doppler reception wave fd(i) as 
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conventionally, calculates the velocity of flow (that 
is, the flow profile) at each measurement point, and 
further calculates the flow rate . In the present method, 
a reception wave amplitude described later and a power 
5 spectrum are obtained to be compared with a set value 
(threshold) , thereby determining the switch of a 
measuring method. 

It is preferable that the control unit 7 is 
configured by a microcomputer formed by a CPU (central 

10 processing unit) not shown in the attached drawings, 
ROM (read-only storage device), RAM (arbitrary access 
storage device) , etc. The control unit 7 performs the 
functions of each of a flow rate calculating unit 8 for 
calculating a flow rate by each method according to the 

15 signals from the circuit 4 in the pulse Doppler method 
and the circuit 5 in the transit time method, an output 
processing unit 9 for outputting (for example, 
displaying) a process result of the flow rate 
calculating unit 8, and a method switching unit 10 for 

20 switching the methods based on the principle of the 
present invention. Each of the processing units 8 
through 10 is realized by the CPU not shown in the 
attached drawings reading and executing a predetermined 
program stored in the ROM also not shown in the attached 

25 drawings . 



10 



The flow rate measurement in the pulse Doppler 
method by the circuit 4 and the flow rate calculating 
unit 8 is performed by the existing method. Similarly, 
the flow rate measurement by the circuit 5 and the flow 
rate calculating unit 8 in the transit time method is 
performed by the existing method. 

In Fig. 1, the method switching unit 10 switches 
the circuits 4 and 5. However, when the necessary 
hardware resources for both methods are individually 
provided, the flow rate measurements by the both methods 
can be concurrently performed. Therefore, switching 
the circuits 4 and 5 can be replaced with selecting one 
of the measurement results by the both methods. 

Furthermore, the ultrasonic flowmeter capable of 
applying the two methods is individually provided with 
necessary hardware resources for both methods . However, 
the present invention can not be provided with the 
circuit 5 for the measurement by the transit time method, 
but the use of the amplifier (not shown in the attached 
drawings) of the circuit 4 and the A/D converter for 
the pulse Doppler method can be applied to the flow rate 
measurement in the transit time method in the ultrasonic 
flowmeter capable of applying the two methods. 

Before explaining the method of switching the 
methods according to the present invention, the transit 
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time method and the pulse Doppler method are briefly 
explained below. 

Fig. 2 shows the principle of the flow rate 
measurement in the transit time method. In the transit 
time method, as shown in part (a) of Fig. 2, the 
transducer 2 (referred to as a "TD2 " in Fig. 2) transmits 
ultrasonics (amplitude AO) to a measurement line on the 
diameter of the fluid to be measured through a wedge 
and piping, and the transducer 3 receives the 
ultrasonics by way of the fluid to be measured through 
the opposite piping and wedge. Part (b) of Fig. 2 shows 
a reception waveform. Continuously, the transducer 3 
similarly performs transmission to the transducer 2. 
Part (c) of Fig. 2 shows the reception waveform of the 
TD2 . Then, the average velocity of flow of the fluid 
to be measured is obtained by the time difference (AT 
= T2 - Tl) between the reception waveforms of the 
transducers 2 and 3. The flow rate measurement by the 
transit time method defines, as "one measurement cycle", 
the period in which each of a pair of transducers 
transmits a transmission pulse and the flow rate is 
measured using both of the reception waves received at 
this time. 

Fig. 3 shows the principle of the flow rate 
measurement by the pulse Doppler method. In the pulse 



Doppler method, as shown in part (a) of Fig. 3, the 
transducer 1 (referred to as a "TDl " in Fig. 3) transmits 
ultrasonics (amplitude Al) to a measurement area on the 
diameter of the measurement line through a wedge and 
5 piping, and a sensor receives an echo (reflection wave) 
from the reflection object in the measurement area. The 
reflection position on the measurement line is 
calculated based on the time taken from transmission 
to reception, and the velocity of flow of a reflection 

10 object is obtained from the Doppler shift depending on 
the velocity of the reflection object at each position 
(measurement point) . The above-mentioned process is 
repeated a predetermined number of times (Nprf) at a 
frequency of fprf (fprf > 2fd) corresponding to the 

15 sampling theorem derived from the frequency (fd) of the 
Doppler shift, and the flow profile on the measurement 
line is derived. Then, the flow rate is obtained by 
integrating each velocity of flow along the inner 
diameter of the piping. In part (b) of Fig. 3, the 

20 thickest vertical line indicates a transmission wave, 
and the second thickest vertical line indicates the 
reflection wave from the opposite wall surface. The 
thick horizontal line connecting these vertical thick 
lines indicates the echo by a reflection object in the 

25 fluid. Relating to the flow rate measurement in the 
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pulse Doppler method, the period of the measuring 
operation on one pulse transmission is defined as "one 
measurement cycle" . 

Based on the results of the above-mentioned Nprf 
5 times of measurements, as shown in part (c) of Fig. 3, 
a Doppler reception wave fd(i) is obtained for each 
measurement point (position) . In this explanation, the 
reception wave (Doppler reception wave) in the pulse 
Doppler method refers to an output signal from the 

10 circuit 4 or a signal generated based on the results 
of the Nprf times of measurements, but does not refer 
to a raw reception wave obtained by each measurement. 

To know the velocity of flow, a frequency change 
in a Doppler shift is to be obtained. However, with the 

15 practical measurement device, the phase angle is first 
calculated using a Doppler shift cod and a repetitive 
cycle At, and an arithmetic operation is performed, 
thereby obtain the velocity of flow. 

The switching operation by the method switching 

20 unit 10 is explained below based on the above-mentioned 
definition . 
[ First Embodiment ] 

Fig. 4 is a flowchart of the switching operation 
according to the first embodiment of the present 

25 invention. According to the present invention, the 
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process shown in Fig . 4 is performed for each measurement 
cycle. When the process in part (a) of Fig. 4 starts, 
what is the current flow rate measuring method is 
determined (step 102). Since the control unit 7 
5 controls the switch of methods, the control unit 7 
naturally knows the current flow rate measuring method. 
If the current flow rate measuring method is the pulse 
Doppler method, control is passed to step 104, and a 
value of an index of the reliability relating to a 
10 reception signal (that is, the Doppler reception wave 
fd(i) shown in part (c) of Fig. 3) generated based on 
the results of the Nprf times of measurements performed 
up to now. 

Part (b) of Fig. 4 shows a practical example of 
15 the process in step 104. As shown by part (b) of Fig. 
4, for example, the ratio ARrr of the amplitude of a 
reception wave, that is, the amplitude Al' of the Doppler 
reception wave fd (i) , to a predetermined amplitude value 
A is obtained in step 104a. 
20 Otherwise, as in step 104b, a Fourier transform 

is performed on the Doppler reception wave, the Doppler 
frequency fd as a difference between the transmission 
wave frequency and the reception wave frequency is 
obtained, the power of the reception wave is detected, 
25 and these processes are repeated a number of times, 
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thereby obtaining a power spectrum whose horizontal and 
vertical axes respectively indicate the Doppler 
frequency fd and the power, and obtaining the ratio PRrr 
of the obtained power spectrum to a predetermined power 
5 value P. The power spectrum is to be obtained for each 
measurement point . 

In the determining step 108, it is determined 
whether or not the value obtained in step 104 (for 
example, 104a or 104b) is smaller than a predetermined 

10 set value (Q or R) . Practically, when the ratio ARrr 
of the amplitude Al' of the Doppler reception wave fd(i) 
to a predetermined amplitude value A is obtained in step 
104a, it is determined whether or not the ratio ARrr 
is smaller than the set value Q predetermined for the 

15 ratio ARrr. Similarly, when the ratio PRrr is obtained 
in step 104b, it is determined whether or not the ratio 
PRrr is smaller than the set value R predetermined for 
the ratio PRrr. 

If the obtained value is smaller than the 

20 predetermined set value, the reliability of the Doppler 
reception wave collected in the measurement cycle is 
low, and it is recommended that the method is not to 
be adopted. Accordingly, the method is changed in step 
110. That is, in this case, since the pulse Doppler 

25 method is currently being used, the method is changed 



to the transit time method. After step 110, the 
switching operation terminates. 

In the determining step 108, if the value obtained 
in step 104 is larger than the set value (Q or R) , the 
5 reliability of the Doppler reception wave collected in 
the measurement cycle is equal to or higher than a 
predetermined level. Therefore, no action is taken 
(the method is not changed) and the process terminates. 
The predetermined amplitude value A, the 

10 predetermined power value P, and the predetermined set 
value (Q or R) are optionally set as appropriate values 
by the user. 

On the other hand, if it is determined in the first 
determining step 102 that the current method is the 

15 transit time method, control is passed to step 106, and 
a value as an index of the reliability of the reception 
signal collected in the current measurement cycle is 
obtained. Practically, it is obtained in step 106a or 
106b shown in part (c) of Fig. 4. For example, in step 

20 106a, the ratio Artr of the maximum amplitude (AO shown 
in part (b) of Fig. 2) of a transmission wave to the 
maximum amplitude (AO' shown in part (b) of Fig. 2) of 
a reception wave is obtained. Otherwise, in step 106b, 
the power spectrum of the transmission frequency 

25 contained in the reception wave is calculated by 



performing a Fourier transform on the reception wave, 
and the ratio PRtr of the power spectrum to the 
transmission wave can be obtained. 

Then, in the determining step 108, it is 
5 determined whether or not the value obtained in step 
106 (for example, 106a or 106b) is smaller than the set 
value for the amount. Practically, when the ratio Artr 
of the maximum amplitudes of the transmission to that 
of the reception waves is obtained in step 106a, it is 

10 determined whether or not the ratio Artr is smaller than 
the set value predetermined for the ratio Artr. 
Similarly, when the power ratio PRtr is obtained in step 
106b, it is determined whether or not the ratio PRtr 
is smaller than the set value predetermined for the ratio 

15 PRtr. 

If the obtained value is smaller than the 
predetermined set value, the reliability of the 
reception wave collected in the measurement cycle is 
low, and it is recommended that the method is not to 

20 be adopted. Therefore, the method is changed in step 
110. That is, in this case, since the current method 
is the transit time method, it is changed to the pulse 
Doppler method. After step 110, the switching 
operation terminates. 

25 In the determining step 108, if the value obtained 
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in step 106 is larger than the set value, the reliability 
of the reception wave in the transit time method 
collected in the measurement cycle is equal to or higher 
than a predetermined level. Therefore, no action is 
5 taken (the method is not changed) and the process 
terminates . 

If the current measuring method is the pulse 
Doppler method, the process shown in Fig. 4 is not 
performed, but the process shown in Fig. 5 can be 

10 performed. That is, as shown in part (a) of Fig. 5, it 
is determined whether or not the entire measurement 
points can be correctly measured (step S120) . If the 
number of measurement points in which they can be 
correctly measured (or if the ratio of the correctly 

15 measured points to all measurement points) is smaller 
than a first predetermined threshold (YES in step S122) , 
then it is determined that the measurement cannot be 
performed by the pulse Doppler method, and the measuring 
method is changed to the transit time method (step S124 ) . 

20 If the number is equal to or higher than the first 
predetermined threshold (NO in step S122), it is 
determined that the measurement can be performed by the 
pulse Doppler method, and the process terminates as is 
(without changing the method) . 

25 The determining process in step S120 is 



19 

practically the process as shown in part (b) of Fig. 
5 or the process as shown in part (c) of Fig. 5. 

In the process shown in part (b) of Fig. 5, the 
number of times in which the waveform of the reception 
5 wave is not changed continuously is obtained for each 
measurement point each time the predetermined -number 
of times (for example Nprf times) the measurement is 
performed. If the number of times is small than a 
predetermined second threshold, it is determined that 

10 the measurement point can be correctly measured (step 
S120a) . On the other hand, if the obtained number of 
times is equal to or larger than the second predetermined 
threshold, then it is determined that the measurement 
status of the measurement point is abnormal . "No change 

15 in waveform" in "the number of times in which the 
waveform of the reception wave is not changed 
continuously" refers to the following meaning. 

That is, in the pulse Doppler method, in which 
measurement point a reflection object has reflected the 

20 received wave can be determined by the time taken from 
the transmission of an ultrasonic pulse to the reception 
of the reflected wave . That is, when the reflected wave 
(reception wave) is seen on the time base, the waveform 
changes at the time corresponding to the measurement 

25 point of the reflection object, and otherwise the 
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waveform is not changed. Therefore, the "waveform of 
a reception wave is not changed" for a certain 
measurement point means that no reflection object has 
passed, and the reflection object has not passed the 
5 measurement point during the time corresponding to the 
"number of times wherein the waveform of the reception 
wave is not changed continuously". Accordingly, that 
a large "number of times the waveform of the reception 
wave is not changed continuously" refers to the 
10 implication that there are a small number of reflection 
objects passing the measurement point. Therefore, when 
it is equal to or larger than the second threshold, it 
is determined that a measurement cannot be correctly 
made . 

15 Described below is the process shown in part (c) 

of Fig. 5. 

The principle of the operation of the process 
shown in part (c) of Fig. 5 is explained below. 

That is, in the flow rate measurement in the pulse 
20 Doppler method, the velocity of flow measured in each 
measurement cycle at each measurement point is not 
constant, and there is variance indicating a 
substantially normal distribution . 

The velocity of flow at each measurement point is 
25 finally output by calculating an average value of 



measurement results forming the above-mentioned normal 
distribution. Although there is more or less variance 
as described above, when there is a large difference 
between a measurement result and an average value, it 
5 can be considered that a correct measurement result 
cannot be obtained. 

Based on the principle of the operation, the 
process in step S120b shown in part (c) of Fig. 5 is 
performed. Step S120b is formed by the following 

10 substeps. That is, first in step 202, a process target 
is the first measurement point. In step 204, the 
velocity of flow at the current measurement point (= 
reflection point) is obtained. In step 206, the average 
value out of the flow velocities of the current 

15 measurement point obtained up to the last measurement 
is calculated. In step 208, the difference between the 
velocity of flow obtained in step 204 and the calculated 
average value is obtained. In the determining step 210, 
it is determined whether or not the difference is equal 

20 to or larger than the third threshold. If the 
difference is not higher than the predetermined third 
threshold, it is determined that the measurement has 
been correctly performed on the measurement point. The 
number of measurement points on which it is determined 

25 that the measurement has been correctly performed is 
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counted. In the next determining step 212, it is 
determined whether or not the current measurement point 
to be processed is the last measurement point. If it 
is not the last point, then the next measurement point 
5 is set as a process target in step 218, and control is 
returned to step 204 . In the determining step 210, when 
the difference exceeds the third threshold, it is 
considered that the measurement at the measurement point 
is abnormal, and in step 216, the velocity of flow 

10 obtained in step 204 is corrected using the average value 
obtained up to the previous time, or an average value, 
etc. of the adjacent measurement points, and then 
control is passed to step 212 . If the measurement point 
of the current process target is the last measurement 

15 point in the determining step 212, then control is passed 
to step 214, and the ratio (%) of the number of normal 
measurement points to the total number of measurement 
points is obtained. The process in step 214 can be 
omitted, and the number of the counted normal 

20 measurement points can be used as is in the process in 
step 122. 

As described above, when the number of measurement 
points on which a normal measurement has been performed 
(or the ratio of it to the total number of measurement 
25 points) is obtained, control is passed to determining 
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step 122. In step 122, it is determined whether or not 
the obtained value exceeds the first threshold. 
Naturally, different values are set for the first 
threshold between the case in which the process in step 
5 120a is performed and the case in which the process in 
120b is performed. 

In the example in step 120b, the velocity of flow 
at each measurement point is used as a determination 
standard. However, since there is variance making 

10 substantially a normal distribution with the Doppler 
shift at each point as with the velocity of flow, the 
Doppler shift at each measurement point can be used for 
a determination standard in step 120b. 

The first, second, and third thresholds are 

15 appropriate values optionally set by a user. 

According to the present invention, a 
high-precision flow rate measurement adaptive to 
measurement conditions can be performed by selecting 
the optimum flow rate measuring method during the flow 

20 rate measurement as described above. 

The method of switching the measuring methods is 
realized by determining the switch using the received 
data of only either one of measuring method currently 
used. Described below is the method of determining the 

25 switch based on the measurement data of both methods. 
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[Second Embodiment] 

Fig. 6 is a flowchart of the switching operation 
according to the second embodiment. The process shown 
in Fig. 6 performs first the steps 302 and 304. The 
process in step 302 is the same as the process in step 
120a shown in part (b) of Fig. 5, and the process in 
step 304 is the same as the process in step 122 in part 
(a) of Fig. 5. When the determination in step 304 (122) 
is YES, it is determined that the measurement cannot 
be performed in the pulse Doppler method, and the method 
is switched to the transit time method (step 306) , 
thereby terminating the process. However, when the 
determination in step 304 (122) is NO, it is not 
immediately determined that the pulse Doppler method 
is to be continued, but it is determined in steps 308 
through 318 which is more appropriate, the pulse Doppler 
method or the transit time method, and the more 
appropriate method is adopted. If both of them are 
inappropriate, it is determined there is a certain 
abnormal condition . 

In the example shown in Fig. 6, the process in step 
120a shown in part (b) of Fig. 5 is used, but the process 
in step 120b shown in part (c) of Fig. 5 can also be 
used. Otherwise, the example shown in Fig. 6 is based 
on the pulse Doppler method as the current measuring 
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method, but the method is not limited to the pulse 
Doppler method, and the determination in step 102 shown 
in part (a) of Fig. 4 is performed. When the current 
measuring method is the transit time method, the process 
in step 302 can be replaced with the process in step 
106 (for example, step 106a or 106b shown in (c) of Fig. 
4) . In this case, if the determination in step 304 is 
YES, the process in step 306 is "switching to the pulse 
Doppler method" . 

When the determination in step 304 is NO, control 
is passed to step 308. In step 308, the switch value 
Vp in the transit time method defined by the following 
equation is calculated. 

Vp = ARtr • Wl + PRtr • W2 

where : 

Artr = ratio of the transmission wave amplitude 
to the maximum amplitude of a reception wave; 

PRtr = ratio of the frequency power of a 
transmission wave to a reception wave; and 

Wl, W2 are arbitrarily set weight values. 

In step 310, the switch value Vd in the Doppler 
method defined by the following equation is calculated. 

Vd = ARrr • W3 + PRrr • W4 

where : 

ARrr = ratio of the amplitude of a Doppler 
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reception wave to a predetermined amplitude value; 

ratio PRrr = ratio of a power spectrum of a Doppler 
frequency to a predetermined power value; and 

W3, W4 are arbitrarily set weight values. 
5 The above-mentioned Wl and W2 are arbitrarily set 

by a user depending on which prime importance is placed, 
ARtr or PRtr. When only one of ARtr and PRtr is to be 
used, the settings of Wl = 0, W2 = 0, etc. can be performed. 
The same holds true with W3 and W4 . 

10 In step 312, whichever larger is selected as Vx 

(x = p or d) , the switch value Vp in the transit time 
method or the switch value Vd in the pulse Doppler method. 
In the determining step 314, it is determined whether 
or not the selected value Vx is larger than a 

15 predetermined value . If the selected value Vx is larger, 
the method is switched to the method selected in step 
316, thereby terminating the process. If the selected 
value Vx is not larger than the predetermined value in 
step 314, it is determined that the measurement cannot 

20 be performed, and the information of the result is issued 
in step 318, thereby terminating the process. 

The ultrasonic flowmeter capable of applying the 
two methods according to the present embodiment can be, 
for example, as described in Japanese Patent Application 

25 No. 2004-052348, an ultrasonic flowmeter capable of 
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selectively applying the two methods and an ultrasonic 
flowmeter capable of simultaneously applying the two 
methods. An ultrasonic flowmeter capable of 

selectively applying the two methods can perform 
5 measurement by one of the two methods. An ultrasonic 
flowmeter capable of simultaneously applying the two 
methods can constantly perform measurement by both 
methods, but adopt and output a measurement result of 
one of the two methods. 

10 The method of switching measuring methods 

according to the second embodiment determines the switch 
based on the measurement data of the pulse Doppler method 
and the transit time method. Therefore, it can be 
applied to the ultrasonic flowmeter capable of 

15 simultaneously applying the two methods, but cannot be 
applied to the ultrasonic" flowmeter capable of 
selectively applying the two methods . On the other hand, 
the switching method according to the first embodiment 
determines the switch using the measurement data of one 

20 of the two methods. Therefore, it can be applied to any 
ultrasonic flowmeter capable of applying the two methods 
independent of ultrasonic flowmeter capable of 
simultaneously or selectively applying the two methods . 

The embodiments above are described only for 

25 explanation of the present invention. Therefore, it is 
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easy for those skilled in the art to change, amend or 
add the descriptions to the above-mentioned embodiments 
in various manners within the technical concept or 
principle of the present invention. 
5 For example, the processes in steps 104a and 104b 

are described as an example of the process in step 104 
shown in Fig. 4 . However, in step 104, the value of index 
of reliability of a reception signal is not limited to 
the example. For example, in step 104a, the ratio ARrr 

10 of the amplitude of a reception wave to a predetermined 
measurable amplitude value is obtained, but the 
amplitude value of a reception wave itself can be used. 
In this case, in step 108, it is determined whether or 
not the amplitude value of a reception wave is smaller 

15 than a reference amplitude value (for example, the 
smallest acceptable amplitude value of a reception wave 
in the pulse Doppler method) . It is also applied to the 
process in step 106. 

In steps 104a, 104b, 106a, and 106b, the ratios 

20 are obtained to reduce the influence of the change of 
the status of a reception wave by a change in voltage 
due to generation of a transmission pulse, in gain for 
the amplification of a reception wave, in status in 
piping, etc. Therefore, the amplitude value itself, 

25 not the ratio ARrr can be used as in the case of the 
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above-mentioned amplitude value. 

The process in step 104 shown in part (a) of Fig. 
4 is explained above as the process in step 104a or 104b 
shown in part (b) of Fig. 4. However, it can also be 
performed as the process in step 310 shown in Fig. 6. 
Similarly, the process in step 106 shown in part (a) 
of Fig. 4 is explained above as the process in step 106a 
or 106b shown in part (c) of Fig. 4. However, it can 
also be performed as the process in step 308 shown in 
Fig. 6. On the other hand, the processes in steps 104a 
or 104b shown in part (b) of Fig. 4 replacing the process 
in step 310 in Fig. 6 can be performed. Similarly, the 
processes in steps 106a or 106b shown in part (c) of 
Fig. 4 replacing the process in step 308 in Fig. 6 can 
be performed. That is, the above-mentioned switch 
values Vp and Vd are only examples of the values as 
indexes of the reliability of a reception wave, and other 
appropriate values can also be applied. 



